AbstractRBI analysis for heat exchanger tube has been explained by API 581. Two types of PoF determination using statistical data is provided to determine the PoF category. Both Weibull parameter and generic failure frequencies are the methods that will be analysis in this present study. PoF determination using Weibull distribution gives the exponential value of PoF in a certain of time. This method only consider failure modes and the failure rate of heat exchanger tube without considering possible active damage mechanisms in the tube. However PoF determination using generic failure frequencies gives more complex consideration. It considers not only failure and possible active damage mechanism, but also the effect of management system facilities of the heat exchanger on the integrity of the plant.
Heat exchanger is an equipment which usually used to transfer heat from one medium to another. It is also the one of critical equipment in the oil and gas processing facility. Commonly, heat exchangers are categorized in three main types, i.e. "shell and tube", "plat type", and "air cooled".
Failure of tubes from a heat exchanger in offshore platform had been studied by many researchers. Corte et al [1] explained that the AISI 321 tubes of the heat exchanger failed due to high chloride content of the cooling water which cause stress corrosion cracking (SCC). Peltola and Lindgren [2] also explained that the leakage of the heat exchanger was caused by ant-nest corrosion in the copper tubes. Therefore, there are many types of prevention action to minimize the failure on heat exchanger. One of them is conducting risk assessment.
Risk based inspection (RBI) is the one of risk assessment methodology which optimized inspection plan on pressurized equipment based on their risk category. There are many types of equipment that was covered by RBI based on API 580, i.e. pressure vessels, process piping, storage tanks, rotating equipment, boiler and heaters, heat exchangers, and pressure relief devices [3] .
Risk based approach basically explained by using risk category. Risk is determined by combination of the incident probability and its consequences. Thus, to carry 1 D.G.S. Prayoga, Department of Corrosion Engineering, Universitas Indonesia, Jakarta, Indonesia,Email : dharmagita@gmail.com 2 Dwi Priyanta, Department of Marine Engineering, Institut Teknologi Sepuluh Nopember, Surabaya 60111, Indonesia,Email : priyanta@its.ac.id 3 Nurhadi Siswantoro, Department of Marine Engineering, Institut Teknologi Sepuluh Nopember, Surabaya 60111, Indonesia,Email : nurhadi@ne.its.ac.id out RBI analysis for each equipment, the probability of failure (PoF) and consequences of failure (CoF) are assessed separately [4] . API 581 has developed the determination of RBI analysis on heat exchanger. The purpose of this analysis is to optimize heat exchanger bundle inspection and replacement cycles and also to minimize the annual operating and maintenance costs of heat exchanger bundles [5] . However, to conduct RBI assessment on heat exchanger, PoF and CoF determination should consider any input parameters and assumptions, including all the fluid properties and conditions under which the exchanger is expected to operate [6] . The present work is determining comparison between PoF determination using Weibull distribution and using generic failure frequencies based on API 581.
II. PROBABILITY OF FAILURE DETERMINATION
Based on RBI definition, failure that was occurred on heat exchanger may be defined as a tube leak due to some damage mechanisms, such as general corrosion, erosion, vibration, etc. API 581 explained that bundle failure is able to be estimated by assuming the bundle will be replaced at 75% of the bundle life. The degraded condition assumption allows consideration for remaining life of the bundle when replaced prior to actual tube failure. Therefore, in order to determine probability of tube failure, there were two type of PoF determination, i.e. using Weibull distribution and generic failure frequencies (gff).
II.1 Weibull Distribution
The API 581 methodology for heat exchangers RBI analysis, there are two parameters that must firstly be obtained for Weibull distribution, i.e. scale parameter (η) and shape parameter (β). The PoF for a heat exchanger bundle at a certain time may be expressed: 
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In order to determine the value of η, Offshore and Onshore Reliability Data (OREDA) will be used in this work. OREDA contains the failure frequency data for different process equipment that usually used in onshore and offshore oil and gas industry. Table 1 describe the selected failure modes and failure rates for shell and tube heat exchanger for this current work that was taken from OREDA. Therefore, failure rate per year (FRtube) may become:
The mean time to failure (MTTF) may be calculated:
The value of MTTF may be used to determine the value of η. The MTTF value will be converted into a Weibull curve using a β value of 3.0 [5] . Therefore, the η parameter can be calculated using the gamma function
Therefore, the PoF for heat exchanger bundle which is assumed already in service for 20 years, Figure 1 shows the exponential value of PoF from the selected failure mode and failure rate using Weibull distribution. From the graph, it is shown that the PoF will increase every year exponentially. It means that the failure of tube will be grow faster year by year. Based on that statement, the user should determine the threshold value of PoF that will be reference inspected time on RBI analysis. API 581 has categorized numerical values associated with PoF for heat exchanger bundles that showed in the Table 2 . The is categorized as category "5".
II.2 Generic Failure Frequencies (gff)
API 581 also determined the PoF based on one or a combination of the following methods, i.e. structural reliability models, statistical models based on generic data, and expert judgment. Combination of those methods is used to evaluate the PoF in terms of a generic failure frequency (gff) and damage factor (Df).
The gff is estimated using any records from all plants within a company, literature, and from commercially reliability data bases [5] . The PoF for a heat exchanger bundles is computed using:
API 581 explained that the adjustment factors on the gff reflect differences between damage mechanisms and the reliability management processes within a plant. Equation (5) shows that the damage factor (Df) and management system factor (FMS) are adjusted factor for gff. The Df adjusts gff based on the active damage mechanism, inspection data and the effectiveness of past and future inspections. The FMS adjusts gff based on the effect of management system facilities on the integrity of the plant [5] .
The gff determination using recommended list of gff which is provided by API 581. Table 3 shows the suggested gff for tube side of heat exchanger. Based on Table 3 , the gff total that was used in this present works:
As mention above, The Df adjusts the gff value based on the active damage mechanism, inspection data and the effectiveness of past and future inspections. Schwartz explained that there are four types of heat exchanger failures that can occur: mechanical, chemically induced corrosion, combination of mechanical and chemically induced corrosion, and scale, mud and algae fouling [7] . Al-Baldawi and Abdullah explained the tube damage mechanisms in feed water heater are uniform or general corrosion, crevice and pitting corrosion, galvanic corrosion, erosion corrosion, de-alloying corrosion, impingement attack and stress corrosion cracking [8] .
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The possible damage mechanisms for tube stainless steel based on API 571 was stress corrosion cracking (SCC), erosion-corrosion, vibration-induced fatigue and general corrosion [9] . Therefore, the suggested active damage mechanism for tube heat exchanger that will be used in this works are general corrosion that will be categorized as thinning mode ( ℎ ), and stress corrosion cracking that will be categorized as SCC mode ( ). The Df for thinning may be determined by [5] :
For this present work, ℎ value is 0.1 because we assume there is no basic component data required for analysis based on API 581- Based on susceptibility to cracking category, the severity index (SVI) may have value of 5000. Therefore, the − factor with no inspection data and SVI value of 5000, may have a value of 5000 when it is plotted on Table 5 below.
The escalation in the Df based on the equation (7) Based on calculation Df above, the total damage factors may have value:
After determining gff total and Df total, the last factor that affects of PoF value is management system factor (FMS). As mention before, FMS is used to adjust gff for differences in process safety management systems [5] . The API 581 recommends the scale for converting management systems factor on the assumption of the "average" plant, would score 50% on the management systems evaluation. Therefore, the PoF may be determined: Figure 2 shows the linear value of in a certain of service time. From the graph, it is shown that the changes proportionally to the value of time. It means, the tube failure will increase steadily year by year. Table 6 shows the numerical values associated with PoF. From Table 6 , the PoF category of may be categorized as category "5". 50  50  40  17  5  3  30  10  2  1  20  5  1  1   100  100  80  33  10  5  60  20  4  1  40  10  2  1   500  500  400  170  50  25  300  100  20  5  200  50  8  1   1000  1000  800  330  100  50  600  200  40  10  400  100  16  2   5000  5000  4000  1670  500  250  3000  1000  250  50  2000  500  80 
III. Analysis of PoF Determination
Based on case study above, there will be no difference of PoF determination result for heat exchanger tube. However, there are some interesting points which may be able to explore and give some new explanation about which one of those two PoF determination has the best value to use when conducting RBI assessment for heat exchanger tube.
will give the exponential value of PoF based on its original formula. It showed that on year 14 to year 20, there were a significant PoF increase on heat exchanger tube. It was aligned with the practically considerations which assume an increasing number of static equipment with time and an increasing propensity to failure with age. Smith and Warwick [10] state on their research that there were 36% of failures are from components more than 10 years of age. However, from Figure 1 , the PoF on early in design life period is contrary to some theoretical considerations, e.g. bathtub curve. Roesch said that the failure of infant region rate and at wear-out region are the highest. However, the most difficult to detect the failure between both of regions is in the infant region [11] . A quantitative models of infant mortality failures has been created by Wilkins to characterize failure distributions in all three phases of the bathtub curve. He said that the infant mortality is shown on year zero to year one has decreasing failure rate with total of 27 failures during this one year. However, there were only found 6 failures from one to ten years [12] . Therefore, when the heat exchanger are operated during normal region and wear-out region, the PoF determination for RBI assessment will be suitable when using with some additional notes that the failure rate data should be available.
However, did not determine the potential damage mechanism which influence the failures on the tube, susceptible material that will give higher probability of failure due to crack, number and effectiveness of inspection on heat exchanger tube. Therefore, it is also indicated that determination of is suitable when the data of heat exchanger is insufficient. It will be useful to determine baseline inspection of heat exchanger tube when the heat exchanger is on normal region and still have no inspection data before.
In other side, will give the linear value of PoF. The infant region of , year one to year four, shows that there were an accelerated number of PoF during that region. However, the highest value of increasing PoF is shown during year zero to year one. . 2(3) , June. 2018 . 210-215 (pISSN:2541 -5972, eISSN: 2548 -1479 
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Moltoft said that the infant mortalities on the equipment will fail typical before 200 hours and often very early between 10 and 20 hours with percentage of 99.9% [13] .
value will increase steadily during year five to year twenty five. It may contrary to general theory of bathtub curve, especially on wear-out region. Wear-out failure distributions usually appear on accelerated conditions which are intended to speed up time without generating new or anomalous failure mechanisms [11] . Therefore, the determination of is not suitable when the heat exchanger operated between final phase of normal and wear-out region. The consideration is in the normal region, there were many inspection and maintenance data that will detect the possible damage mechanisms occurs in the heat exchanger. However based on the generic formula on API 581, determination of did not consider the mitigation action of the tube when it is plugged as a temporary mitigation action.
Basically both PoF determination, and , have advantages and disadvantages when we will choose to determine which PoF that the most suitable to be used for RBI assessment for heat exchanger. However, this study give the suggestion for the next research to use the combination of both PoF determination with some percentage factor to achieve the optimum PoF value based on the actual condition. It requires a deeper analysis to consider the percentage value for each PoF determination.
IV. CONCLUSION
API 581 has given two type of PoF determination. Both of PoF determination have their own advantages.
is more suitable to use when RBI analysis is conducted to determine the baseline inspection. Despite, will be very useful when the owner-user gives the failure rate data without considering the potential damage mechanisms that occurs in the tube such as total of plugging tube, failure time, number of leakages tube, etc. However, determination requires more complex data. The owner-user should provide inspection history data, design and operating of heat exchanger data, contain of service fluid in the tube, and also the safety management issue on their plant. Therefore, is suitably used when the heat exchanger already in-service and having comprehensive inspection and maintenance data.
